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(57)Abstract: 

PROBLEM TO BE SOLVED: To perform highly accurate EGR control by 
calculating a cylinder intake new air amount an intake new air 
temperature, a cylinder intake EGR amount and the EGR gas temperature 
of an EGR gas cooling device exit side, predicting and computing a 
cylinder sucked gas temperature based on these and then correcting and 
controlling an EGR. 

SOLUTION: A cylinder intake new air amount Qac is computed by 
performing delay treatment for an intake new air amount detected by an 
air flow meter 14 during the running of an engine 1. Also, an EGR amount 
is computed from the opening degree detected value of an EGR valve 6 
and a differential pressure between an intake system pressure and an 
exhaust system pressure, and by performing delay treatment for the 
computed EGR amount, a cylinder intake EGR amount Qec is calculated. 
Further, the EGR gas temperature Te of an EGR gas cooler exit side is 
computed based on the efficiency of an EGR gas cooler 9 and an exhaust 
temperature. Then, a cylinder sucked gas temperature is predicted and 
computed based on an intake new air temperature amount obtained by an 
intake temperature sensor 1 5 and various computed values Qac, Qec and 
TE, and an EGR valve 5 is corrected and controlled based on these 
values. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An inhalation new **** detection means characterized by providing the following to detect inhalation new 
**** to an engine, A degree detection means of inhalation new atmospheric temperature to detect the degree of 
inhalation new atmospheric temperature, and an inhalation-of-air system pressure detection means to detect an 
inhalation-of-air system pressure. An exhaust air system pressure detection means to detect an exhaust air system 
pressure, and an exhaust-gas-temperature detection means to detect an exhaust-gas temperature, The EGR path which 
flows back from an exhaust air system to an inhalation-of-air system in some exhaust gas, and the EGR valve prepared 
in the middle of the EGR path. An amount setting means of target EGR(s) to set up the amount of target EGR(s) based 
on engine operation conditions, A diesel power plant equipped with an EGR valve-control means to set up the target 
opening of an EGR valve from the differential pressure of an inhalation-of-air system pressure and an exhaust air 
system pressure, and the amount of target EGR(s), and to control an EGR valve, and the EGR-gas cooling system 
which cools EGR gas A cylinder inhalation new **** operation means to perform delay processing to inhalation new 
**** detected by the aforementioned inhalation new **** detection means, and to calculate cylinder inhalation new 
**** A degree detection means of EGR valve-opening to detect the opening of an EGR valve An amount operation 
means of EGR(s) to calculate the amount of EGR(s) from the differential pressure of an inhalation-of-air system 
pressure and an exhaust air system pressure, and the opening of an EGR valve An amount operation means of cylinder 
inhalation EGR(s) to perform delay processing to the amount of EGR(s), and to calculate the amount of cylinder 
inhalation EGR(s), A EGR-gas cooling-system efficiency setting means to set up the efficiency of a EGR-gas cooling 
system, A EGR-gas temperature operation means to calculate the EGR-gas temperature of a EGR-gas cooling-system 
outiet side based on an exhaust-gas temperature and the efficiency of a EGR-gas cooling system, A cylinder inspired- 
gas temperature operation means to calculate cylinder inspired-gas temperature based on cylinder inhalation new *♦**, 
the degree of inhalation new atmospheric temperature, the amount of cylinder inhalation EGR(s), and the EGR-gas 
temperature of a EGR-gas cooling-system outlet side 

[Claim 2] The aforementioned EGR-gas cooling system is cylinder inspired-gas temperature calculation equipment of 
the diesel power plant according to claim 1 characterized by cooling EGR gas by the engine cooling water, having 
established a EGR-gas cooling water temperature detection means to detect the circulating water temperature which 
passes this EGR-gas cooling system, and considering as the composition which calculates the EGR-gas temperature of 
a EGR-gas cooling-system outlet side based on the circulating water temperature which passes an exhaust-gas 
temperature and a EGR-gas cooling system for the aforementioned EGR-gas temperature operation means, and the 
efficiency of a EGR-gas cooling system. 

[Claim 3] Cylinder inspired-gas temperature calculation equipment of the diesel power plant according to claim 1 or 2 
characterized by having replaced with the aforementioned inhalation-of-air system pressure detection means, having 
established an inhalation-of-air system pressure prediction means to predict an inhalation-of-air system pressure based 
on engine operation conditions, having replaced with the aforementioned exhaust air system pressure detection means, 
and establishing an exhaust air system pressure prediction means to predict an exhaust air system pressure based on 
engine operation conditions. 

[Claim 4] Cylinder inspired-gas temperature calculation equipment of the diesel power plant of any one publication of 
the claim 1 characterized by having replaced with the aforementioned exhaust-gas-temperature detection means, and 
establishing an exhaust-gas-temperature prediction means to predict an exhaust-gas temperature based on engine 
operation conditions - the claim 3. 

[Claim 5] Cylinder inspired-gas temperature calculation equipment of the diesel power plant of any one publication of 
the claim 1 characterized by establishing the degree amendment means of amendment inhalation new atmospheric 
temperature for the degree of inhalation new atmospheric temperature detected by the aforementioned degree detection 
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means of inhalation new atmospheric temperature with an inhalation-of-air system pressure - the claim 4. 
[Claim 6] The EGR control unit of the diesel power plant characterized by having had cylinder inspired-gas 
temperature calculation equipment of any one publication of a claim 1 - the claim 5, and establishing the amoxmt 
amendment means of amendment target EGR(s) for the amount of target EGR(s) according to cylinder inspired-gas 
temperature. 

[Claim 7] The EGR control unit of the diesel power plant according to claim 6 characterized by forming the water 
temperature adjxisting device which adjusts the circulating water temperature of the EGR-gas cooling system which 
cools EGR gas by the engine cooling water according to cylinder inspired-gas temperature. 
[Claim 8] the amount of water which adjusts the circulating water flow of the EGR-gas cooling system which cools 
EGR gas by the engine cooling water according to cylinder inspired-gas temperature - the EGR control unit of the 
diesel power plant according to claim 6 characterized by forming an adjusting device 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the cylinder inspired-gas temperature 
calculation equipment in a diesel power plant equipped with EGR equipment with EGR (exhaust air reflux) gas- 
cooling-method equipment, and the EGR control unit using this. 
[0002] 

[Description of the Prior Art] The emission requirement of a diesel power plant is being tightened up from a rise of the 
interest about an environmental improvement in recent years. If EGR is applied in large quantities in order to reduce 
especially NOx of a diesel power plant, since an ignition-delay period until the fuel injected by the combustion 
chamber is lit will become long, and the combustion rate in the second half of an expansion stroke besides the fall of 
combustion temperature will increase and combustion atmosphere will serve as oxygen deficiency, it is in the 
inclination for an exhaxist air particle (for PM;Particulate Matter to be called below) and other exhaust air components 
(HC, CO) to get worse generally. 

[0003] Then, in order to improve the relation of this trade-off, the new combustion concept is proposed to the direct 
injection diesel power plant of the conventional diffusive-burning subject in recent years. For example, reducing NOx 
and PM simultaneously is shown by by lengthening the ignition-delay period of the injected fuel positively, and 
lowering combustion temperature to JP,8-86251,A. 

[0004] Moreover, if the temperature of EGR gas is lowered, since the charging efficiency in a charging stroke will 
improve (being able to operate on conditions with much oxygen) and the temperature at the time of the compression 
stroke end of a combustion chamber will also fall, it is clear experimentally that NOx and PM can be reduced 
simultaneously, and the need of having the EGR-gas cooling system which cools EGR gas using an engine cooling 
water as shown in JP,8-26 1 072, A is increasing. 
[0005] 

[Problem(s) to be Solved by the Invention] Now, in this way, as an exhaust air purification means of a diesel power 
plant, although the EGR-gas cooling system is effective, when applying to actual vehicles, there are the following 
troubles. Drawing 44 is the result of measuring the various parameters when running by the vehicles which carried the 
diesel power plant equipped with the EGR-gas cooling system. 

[0006] In the case of actual vehicles, with an engine speed or a load, a circulating water flow fluctuates and the amount 
of EGR(s) is also fluctuated. For this reason, the EGR-gas refrigeration capacity in a EGR-gas cooling system will 
change with the operational status of an engine a lot. Therefore, the gas temperature inhaled by the cylinder to manage 
will change with operational status a lot. Therefore, the exhaust air reduction effect of the EGR-gas cooling system 
obtained in a regular experiment is not acquired only by merely equipping vehicles with a EGR-gas cooling system 
given in said JP,8-261072,A. 

[0007] Moreover, to change of the amount of cooling water flows by the rotation load, or an exhaust-gas temperature, 
change of the EGR-gas temperature of a EGR-gas cooling-system outlet side is the influence of the thermal inertia of a 
cooling system, and shows a late response. For this reason, when changing a circulating water temperature on the 
conditions which fixed opening of an EGR valve, for example, an EGR rate changes by late response to change of a 
circulating water temperature. A sensor is added so that EGR-gas temperature may be measured to the outlet of a EGR- 
gas cooling system like JP,6-108925,A, and according to EGR-gas temperature, there is an amendment thing about the 
amoxmt of EGR(s) there. 

[0008] However, if coexistence with the endurance as a sensor for automobiles and responsibility is considered even if 
it uses the considerable sensor of a high response when measuring gaseous temperature, a response time constant is the 
order for about ten seconds, and it is difficult to measure the EGR-gas temperature of vehicles with a sufficient 



Page 2 of 9 

precision. Moreover, if the life cycle of an automobile is considered in order that a response and precision may carry 
out degradation with the passage of time by adhesion of soot in a sensor, I will think that it is difficult to apply to 
vehicles. 

[0009] On the other hand, the operational status, the amount of inhalation of air, and inlet-pipe internal pressxjre of an 
engine are measured, for example like JP,5-263717,A, and there are some which presume an intake-air temperature. 
Although there is a merit that there is no response delay for presumption by the operation, with this composition as 
compared with the case where gas temperature is actu^ly measured, an actual intake-air temperature has the delay by 
the delay of a sensor actuator and working medium, and the phase contrast on control poses a problem. 
[0010] Moreover, when it has a heat exchanger like a EGR-gas cooling system, it is difficult to measure inlet-pipe 
internal pressure correctly by the pressure sensor by the diesel to which does not have a heat-exchange model and inlet- 
pipe intemal pressure does not fall from atmospheric pressure in the intake-air-temperature predictive model shown in 
the example. For this reason, the detection precision of the actual amount of EGR(s) is inadequate, and since an intake- 
air temperature cannot be predicted correctly, either, it is difficult [ it ] to calculate the gas temperature inhaled by the 
cylinder with a sufficient precision. 

[001 1] this invention was made paying attention to such a conventional trouble, and in the diesel power plant which 
applied the EGR-gas cooling system, even if it is transient operation from which a service condition changes every 
moment, it aims at offering the cylinder inhalation gas-temperature calculation equipment which can compute cylinder 
inhalation gas temperature with a sufficient precision so that the exhaust air reduction effect by EGR-gas cooling may 
be enjoyed. 

[0012] Moreover, it aims at offering the EGR control unit of the diesel power plant which can acquire the desired 
exhaust air reduction effect using this cylinder inspired-gas temperature calculation equipment by carrying out 
amendment control of the EGR according to cylinder inspired-gas temperature. 
[0013] 

[Means for Solving the Problem] For this reason, it constitutes from invention concerning a claim 1 as follows (refer to 
drawing 1 ), It has an inhalation new **** detection means to detect inhalation new **** to an engine, a degree 
detection means of inhalation new atmospheric temperature to detect the degree of inhalation new atmospheric 
temperature, an inhalation-of-air system pressure detection means to detect an inhalation-of-air system pressure, an 
exhaust air system pressure detection means to detect an exhaust air system pressure, and an exhaust-gas-temperature 
detection means to detect an exhaust-gas temperature. 

[0014] Moreover, it has an EGR valve-control means to set up the target opening of an EGR valve from the differential 
pressure of the EGR path which flows back from an exhaust air system to an inhalation-of-air system in some exhaust 
gas, the EGR valve prepared in the middle of the EGR path, an amount setting means of target EGR(s) to set up the 
amount of target EGR(s) based on engine operation conditions, and a an inhalation-of-air system pressure and an 
exhaust air system pressure, and the amoxmt of target EGR(s), and to control an EGR valve, and has further the EGR- 
gas cooling system which 

[0015] A cylinder inhalation new **** operation means to perform delay processing to inhalation new **** detected 
by the aforementioned inhalation new **** detection means in here, and to calculate cylinder inhalation new ***♦, A 
degree detection means of EGR valve-opening to detect the opening of an EGR valve, and an amount operation means 
of EGR(s) to calculate the amount of EGR(s) from the differential pressure of an inhalation-of-air system pressure and 
an exhaust air system pressure, and the opening of an EGR valve. An amount operation means of cylinder inhalation 
EGR(s) to perform delay processing to the amount of EGR(s), and to calculate the amount of cylinder inhalation EGR 
(s), A EGR-gas cooling-system efficiency setting means to set up the efficiency of a EGR-gas cooling system, A EGR- 
gas temperature operation means to calculate the EGR-gas temperature of a EGR-gas cooling-system outlet side based 
on an exhaust-gas temperature and the efficiency of a EGR-gas cooling system, A cylinder inspired-gas temperature 
operation means to calculate cylinder inspired-gas temperature based on cylinder inhalation new ****, the degree of 
inhalation new atmospheric temperature, the amount of cylinder inhalation EGR(s), and the EGR-gas temperature of a 
EGR-gas cooling-system outlet side is established, and cylinder inspired-gas temperature calculation equipment is 
constituted. 

[0016] In invention concerning a claim 2, it is characterized by for the aforementioned EGR-gas cooling system 
cooling EGR gas by the engine cooling water, having established a EGR-gas cooling water temperature detection 
means to detect the circulating water temperature which passes this EGR-gas cooling system, and considering it as the 
composition which calculates the EGR-gas temperature of a EGR-gas cooling-system outlet side based on the 
circulating water temperature which passes an exhaust-gas temperature and a EGR-gas cooling system for the 
aforementioned EGR-gas temperature operation means, and the efficiency of a EGR-gas cooling system (refer to 
drawing 1 ). 
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[0017] In invention concerning a claim 3, it is characterized by having replaced with the aforementioned inhalation-of- 
air system pressure detection means, having established an inhalation-of-air system pressure prediction means to 
predict an inhalation-of-air system pressure based on engine operation conditions, having replaced with the 
aforementioned exhaust air system pressure detection means, and establishing an exhaust air system pressure 
prediction means to predict an exhaust air system pressure based on engine operation conditions. In invention 
concerning a claim 4, it is characterized by having replaced with the aforementioned exhaust-gas-temperature detection 
means, and establishing an exhaust-gas-temperature prediction means to predict an exhaust-gas temperature based on 
engine operation conditions. 

[0018] In invention concerning a claim 5, it is characterized by establishing the degree amendment means of 
amendment inhalation new atmospheric temperature for the degree of inhalation new atmospheric temperature detected 
by the aforementioned degree detection means of inhalation new atmospheric temperature with an inhalation-of-air 
system pressure (refer to drawing 1 ). Using above cylinder inhalation gas-temperature calculation equipment, 
according to cylinder inhalation gas temperature, the amoimt amendment means of amendment target EGR(s) is 
established for the amount of target EGR(s), and the EGR control unit of a diesel power plant consists of invention 
concerning a claim 6 (refer to drawing 1 ). 

[0019] In invention concerning a claim 7, it is characterized by forming the water temperature adjusting device which 
adjusts the circulating water temperature of the EGR-gas cooling system which cools EGR gas by the engine cooling 
water according to cylinder inhalation gas temperature, the amoxmt of water which adjusts the circulating water flow of 
the EGR-gas cooling system which cools EGR gas by the engine cooUng water in invention concerning a claim 8 
according to cylinder inhalation gas temperature - it is characterized by forming an adjusting device 
[0020] 

[Effect of the Invention] According to invention concerning a claim 1, it asks for cylinder inhalation new the 
degree of inhalation new atmospheric temperature, the amount of cylinder inhalation EGR(s), and the EGR-gas 
temperature of a EGR-gas cooling-system outlet side appropriately, respectively, the prediction operation of the 
cylinder inhalation gas temperature can be correctly carried out based on these, and the effect of becoming possible to 
carry out amendment control of the EGR appropriately according to this cylinder inhalation gas temperature is 
acquired. 

[0021] According to invention conceming a claim 2, when a EGR-gas cooling system cools EGR gas by the engine 
cooling water, the prediction operation of the cylinder inhalation gas temperature can be carried out more at accuracy 
by detecting the circulating water temperature which passes this EGR-gas cooling system, and calculating the EGR-gas 
temperature of a EGR-gas cooling-system outlet side in consideration of this. According to invention conceming a 
claim 3, it becomes possible by predicting an inhalation-of-air system pressure and an exhaust air system pressure 
based on engine operation conditions to catch these exactly. 

[0022] According to invention conceming a claim 4, it becomes possible by predicting an exhaust-gas temperature 
based on engine operation conditions to catch this exactly, the detection value [ according to invention conceming a 
claim 5 ] of the degree of inhalation new atmospheric temperature by the sensor - an inhalation-of-air system pressure 
~ an amendment - change of the degree of inhalation new atmospheric temperature by change of an inhalation-of-air 
system pressure can be exactly caught by things 

[0023] according to invention conceming a claim 6 — above cylinder inhalation gas-temperature calculation equipment 
- using - cylinder inhalation gas temperature - responding - the amoimt of target EGR(s) — an amendment — the 
exhaust air reduction effect of a request - aggravation of exhaust air by the delay of EGR-gas cooling for example, can 
be suppressed to the minimum - can be acquired by things According to cylinder inhalation gas temperature, by 
adjusting the circulating water temperature of a EGR-gas cooling system, tfie capacity of a EGR-gas cooling system is 
controlled and, according to invention conceming a claim 7, the ejdiaust air reduction effect by EGR-gas cooling can 
be enjoyed to the maximum extent at the time of transient operation. 

[0024] According to cylinder inhalation gas temperature, by adjusting the circulating water flow of a EGR-gas cooling 
system, the capacity of a EGR-gas cooling system is controlled and, according to invention conceming a claim 8, the 
exhaust air reduction effect by EGR-gas cooling can be enjoyed to tiie maximum extent at the time of transient 
operation. 
[0025] 

[Embodiments of the Invention] The form of operation of this invention is explained below. Drawing 2 is the system 
chart showing the 1st operation form of this invention. In a diesel power plant 1 , direct injection supply of the fuel is 
carried out into a combustion chamber 4 through a fuel injection nozzle 3 with the electronically-controUed-gasoline- 
injection pump 2. 

[0026] Some exhaust gas is introduced into an inhalation-of-air system by EGR equipment from an exhaust air system. 
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EGR equipment is constituted including the EGR path 5, the EGR valve 6 which controls the amount of EGR(s), and 
the inhalation-of-air throttle valve 8 of the collector 7 (EGR-gas introduction position) upstream. The EGR-gas cooling 
system 9 which cools EGR gas by the engine cooling water is formed in the EGR path 5. 

[0027] Moreover, the swirl control valve 10 is formed in collector 7 lower stream of a river, and, thereby, a swirl can 
be generated in a combustion chamber 4. Moreover, in this example, an inhalation-of-air system is equipped with a 
turbosupercharger 1 1 and an intercooler 12, and is equipped with the catalyst 13 for exhaust air purification at the 
exhaust air system. The air flow meter as an inhalation new **** detection means by which 14 detects inhalation new 
♦***, the intake temperature sensor as a degree detection means of inhalation new atmospheric temperature by which 
15 detects the degree of inhalation new atmospheric temperature, the coolant temperature sensor, with which 16 detects 
engine-cooling-water temperature, and 17 are the EGR-gas cooling coolant temperature sensors as a EGR-gas cooling 
water temperature detection means to detect the circulating water temperature which passes the EGR-gas cooling 
system 9. 

[0028] The example of the fuel injection equipment containing the electronically-controUed-gasoline-injection pump 2 
and a fuel injection nozzle 3 is shown in drawing 3 . The feed pump 22 which the electronically-controUed-gasoline- 
injection pump 2 rotates with a drive shaft 21, and presses fuel beforehand. The pxrnip house 23 which carries out the 
lubrication of the interior of a pump while storing the fuel pressurized by the feed pump 22, The plunger 25 which can 
give reciprocating movement by the face cam 24, rotating and rotating with a drive shaft 21, inhales the fuel of a pump 
house 23, and is arranged a pressurized part. The delivery bulb 26 which sends out the fuel which was prepared for 
every cylinder and distributed by the plxmger 25 to the fuel injection nozzle 3 of each cylinder. The control sleeve 27 
which determines a fiiel injection end by leaking the fuel pressurized by the plunger 25 to a pump house 23, The 
position of the control sleeve 27 is **(ed) fi-ee and it has the rotary solenoid 28 which adjusts fiiel oil consumption, and 
tiie fuel-cut bulb 29 which is made to stop fuel inhalation of a plunger 25 and is made to suspend an engine. 
[0029] Moreover, as a fuel-injection-timing adjustment mechanism, as shown in drawing 4 besides drawing 3 , the 
electronically-controUed-gasoline-injection pump 2 By being combined with the aforementioned face cam 24 and 
moving the position The phase of the face cam 24 is changed. The timer piston 30 which can adjust fuel injection 
timing. By leaking the high-pressure fuel of the high-pressure interior of a room which drives the timer piston 30 to a 
low-pressure-chamber side, the pressure of the timer high-pressure room pressure force is regulated, and it has the 
timing control valve 31 which adjusts fuel injection timing. 

[0030] Furthermore, the rotational firequency sensors 32 and 33 which detect an engine speed or a pump rotational 
frequency, the accelerator opening sensor 34 which detects accelerator opening (control-lever opening) and the nozzle 
lift sensor 35 which detects the valve-opening time (actual fiiel injection timing) of a fuel injection nozzle 3, the fuel 
temperature sensor 37 which detects the fuel temperature in a pump house 23, the ignition key switch 38, etc. are 
formed as various sensors, and these signals are inputted into tiie control unit 39. 

[0031] Moreover, the signal of the air flow meter 14 shown in drawing 1 , an intake temperature sensor 15, a coolant 
temperature sensor 16, and the EGR-gas cooling coolant temperature sensor 17 is also inputted into the control unit 39. 
In addition, a fuel injection pump may be the conmion rail jet pump and imit injector under development not only in 
the jerk-pump of illustration but in each present company. 

[0032] With a built-in microcomputer, a control imit 39 performs predetermined data processing, and carries out drive 
control of the rotary solenoid 28 for fiiel-oil-consumption control, the fuel-cut bulb 29, and the timing control valve 3 1 
for fuel-injection-timing control, and the EGR valve 6, the swirl control valve 10, etc. in drawing 1 carry out drive 
control. The example of EGR equipmrat is shown in drawing 5 . 

[0033] The EGR valve 6 is formed all over the EGR path 5, is driven by the step motor, and adjusts the amount of 
EGR(s). In addition, you may use a negative pressure drive formula EGR valve besides such a step motor drive 
formula EGR valve 6 etc. Based on the negative pressure made with a vacuum pimip, with the control negative 
pressure whose pressure is regulated by the on-off control of two solenoid valves 41 and 42, the inhalation-of-air 
throttle valve 8 operates gradually, and adjusts the pressure in a collector 7. 

[0034] Next, the content of control is explained using a flow chart, drawing 6 is the flow chart of an inhalation-of-air 
system pressure (collector section pressure; - it is called intake pressure below) Pm operation This flow is equivalent 
to an inhalation-of-air system pressure prediction means, and is performed synchronizing with a criteria crank angle 
signal. It is also possible to replace with a prediction operation and to xise an intake-pressure sensor as an inhalation-of- 
air system pressure detection means. 

[0035] In SI, cylinder inhalation new **** Qac, the amount Qec of cylinder inhalation EGR(s), the degree Ta of 
inhalation new atmospheric temperature, the EGR-gas temperature Te, and the volumetric-efficiency equivalent value 
Kin are read. About the operation method of each parameter, it mentions later. In S2, using the above parameter, an 
intake pressure Pm is calculated and processing is ended by the following formula. 
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[0036] Pin=(QacxTa+QecxTe) (xRxKpm)/(KinxKvol)+Opm - here ~ R - a gas constant and Kvol A volume ratio (=1 
cylinder-capacity Vc / inhalation-of-air system capacity Vm), and Kpm and Opm are constants, drawing 7 - exhaust 
air system pressure (EGR-gas output port pressure; - it is called an exhaust pressure below) Pexh It is the flow chart of 
an operation. This flow is equivalent to an exhaust air system pressure prediction means, and is performed 
synchronizing with a criteria crank angle signal. It is also possible to replace with a prediction operation and to use an 
exhaust-pressure sensor as an exhaust air system pressure detection means. 

[0037] In SI, the displacement Qexh, the exhaust-gas temperature Texh, and engine speed Ne which are discharged 
from a cylinder are read. About the operation method of each parameter, it mentions later. The above parameter is used 
in S2 and it is an exhaust pressure Pexh by the following formula. It calculates and processing is ended. 
Pexh =(Qexh xNe/Kcon)2 xTexh xKpexh+Opexh - here, Kcon, Kpexh, and Opexh are constants 
[0038] Drawing 8 is the flow chart of a cylinder inhalation new **** Qac operation. This flow is equivalent to a 
cylinder inhalation new **** operation means, and is performed synchronizing with a criteria crank angle signal. 
Value QasO which read the output voltage of an air flow meter (AFM), calculated inhalation new **** by table 
conversion from the voltage by S2 SI, and carried out weighted average processing to the value in S3 It asks. 
[0039] An engine speed Ne is read in S4, and it is inhalation new **** QacO per cylinder by QasO, Ne, and constant 
KCON# to the following formula at S5. It asks. 

At QacO =QasO / NexKC0N#S6, it is QasO. Calculated delay processing is performed n times and it is inhalation new 
**** Qacn of a collector entrance. It calculates. 

[0040] S7 - volume ratio Kvol the volumetric-efficiency equivalent value Kin - using - Qacn from - delay 
processing as shown in the following formula is performed, cylinder inhalation new **** Qac is calculated, and 

processing is ended 

Qac=Qacn-l x(l-Kvol xKin)+Qacn xKvol xKin drawing 9 is the flow chart of the amount Qec operation of cylinder 
inhalation EGR(s). This flow is equivalent to the amount operation means of cylinder inhalation EGR(s), and is 
performed synchronizing with a criteria crank angle signal. 

[0041] In SI and S2, the amount Qe of EGR(s) and an engine speed Ne are read. About the operation method of the 
amount Qe of EGR(s), it mentions later. At S3, it is the amount Qecn of inhalation EGR(s) per cylinder by the amount 
Qe of EGR(s), an engine speed Ne, and constant KCON# to the following formula. It asks. 

Qecn =Qe/NexKC0N#S4 — volume ratio Kvol the volumetric-efficiency equivalent value Kin ~ using — Qecn from — 
delay processing as shown in the following formula is performed, the amount Qec of cylinder inhalation EGR(s) is 
calculated, and processing is ended 

[0042] Qec=Qecn-l x(l-Kvol xKin)+Qecn xKvol xKin drawing 10 is the flow chart of the degree Ta operation of 
inhalation new atmospheric temperature. This flow is equivalent to the degree detection means of inhalation new 
atmospheric temperature, and the degree amendment means of inhalation new atmospheric temperature, and is 
performed by every predetermined time (for example, 10ms). The degree Ta 0 of inhalation new atmospheric 
temperature detected by the intake temperature sensor in SI, and intake-pressure Pmn-1 It reads. 
[0043] In S2 and S3, like the following formula, the temperature-change prediction operation by the principle of 
thermodynamics is performed, it asks for the degree Ta of inhalation new atmospheric temperature, and processing is 
ended. 

Pressure correction coefficient Ktmpi= (Pmn-1 / PA#) 

degree Ta=Taof inhalation new atmospheric temperature OxKtmpi+TOFF# - here, PA# and TOFF# are constants 
However, water temperature, the vehicle speed, etc. may amend TOFF#. 

[0044] Drawin g 1 1 is the flow chart of the EGR-gas temperature Te operation of a EGR-gas cooling-system outlet side 
(collector entrance). This flow is equivalent to a EGR-gas temperature operation means including a EGR-gas cooling- 
system efficiency setting means, and is performed synchronizing with a criteria crank angle signal. EGR-gas 
circulating water temperature TwgO detected in SI by the basic thermal transmittance kappa 0 in the heating surface of 
the EGR-gas cooling system equivalent to the efficiency of an exhaust-gas temperature Texh and a EGR-gas cooling 
system and correction-factor kappah, the amoimt Qe of EGR(s), and the EGR-gas cooling coolant temperature sensor It 
reads. 

[0045] in addition, the basic thermal transmittance kappa 0 is shown in drawing 12 - as - an engine speed Ne and fiiel 
oil consumption (load) Qsol from — map reference is carried out in approximation, and the correction- factor kappah 
carries out table reference from the amount Qe of EGR(s), as shown in drawing 13 Exhaust-gas temperature Texh And 
about the operation method of the amount Qe of EGR(s), it mentions later. In S2, an operation as shown in the 
following formula performs delay processing of a thermal transmittance kappa. 
[0046] 

kappa=kappa n-1 x(l-TcK)+kappaOxTcK - here, TcK is a constant Moreover, n-1 of a subscript It is a value in front 
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of 1 cycle. In S3, an operation as shown in the following formula performs lead processing of the EGR-gas circulating 
water temperature Twg. 

Twg=GKTwxTw-TwgOn-l - here, GKTw is a constant Moreover, n-1 of a subscript It is a value in front of 1 cycle. 
[0047] In S4, by the following formula, the EGR-gas temperature Te of a EGR-gas cooling-system outlet side is 
calculated, and processing is ended. 
Te=Texh - TwgxkappaxA/(kappaxkappa hxA / 2-QexCp) 

Here, A and Cp are constants. In addition, the operation expression of this Te builds and transforms a lower formula 
based on the heat exchanger model shown in drawing 14 . 
[0048] GaxCpx(Tgin-Tgout) =kappaxAx (Tgin-Tgout) (/2-Tw) 

Here, Cp is gas ratio heat (although it is originally the function of temperature, it considers as a constant in a use region 
noting that change is small), and A is heating surface area. Drawing 15 is the flow chart of a volumetric-efiBciency 
equivalent value Kin operation. This flow is performed synchronizing with a criteria crank angle signal. 
[0049] In SI, cylinder inhalation new **** Qac, fuel oil consumption Qsol, and an engine speed Ne are read. In S2, the 
volimietric-efficiency basic value KinHl is calculated from cylinder inhalation new **** Qac and an engine speed Ne 
with reference to a map as shown, for example in drawing 16 . At S3, it is fuel oil consumption Qsol. From an engine 
speed Ne, the volumetric-efficiency load correction factor KinH2 is calculated with reference to a map as shown, for 
example in drawin g 17 . 

[0050] In S4, from the volumetric-efficiency basic value KinHl and its correction factor KinH2, volumetric-efficiency 
equivalent value Kin=KinHlxKinH2 is calculated, and processing is ended. Drawing 18 is an exhaust-gas temperature 
Texh. It is the flow chart of an operation. This flow is equivalent to an exhaust-gas-temperature prediction means, and 
is performed synchronizing with a criteria crank angle signal. It is also possible to replace with a prediction operation 
and to use an exhaust gas temperature sensor as an exhaust-gas-temperature detection means. 
[0051] At SI, S2, and S3, they are the cycle processing value QfD of fuel oil consumption, the cycle processing value 
TnO of cylinder inhalation gas temperature, and an exhaust pressure Pexh. It reads. About the operation method of QfD 
and TnO, it mentions later. In S4, the exhaust-gas-temperature basic value Texhb is calculated from the cycle 
processing value QfD of fiiel oil consumption with reference to a table as shown, for example in drawin g 19 . 
[0052] Intake-air-temperature correction factor [ as opposed to / at S5 / an exhaust-gas temperature by the cycle 
processing value TnO of cylinder inhalation gas temperature to the following formula ] Ktexhl It calculates. 
Ktexhl =(TnO/TA#) KN# - here, TA# and KN# are constants At S6, it is an exhaust pressure Pexh, Exhaust-pressure 
correction factor [ as opposed to an exhaust-gas temperature using the formula based on the principle of the 
thermodynamics like a shell and the following formula ] Ktexh2 (temperature rise correction factor by exhaust- 
pressure rise) It calculates. 
[0053] 

Ktexh2 =(Pexhn-l/PA#) (#Ke-l)/#Ke - here, PA# and #Ke are constants At S7, they are the exhaust-gas-temperature 
basic value Texhb and tiie intake-air-temperature correction factor Ktexhl. Exhaust-pressure correction factor Ktexh2 
A shell and exhaust-gas-temperature Texh =TexhbxKtexhl xKtexh2 It calculates and processing is ended. 
[0054] Drawing 20 is the flow chart of the amount Qe operation of EGR(s). This flow is equivalent to the amount 
operation means of EGR(s), and is performed synchronizing with a criteria crank angle signal. In SI, the amount Lifts 
of EGR **** lifts as an intake pressure Pm, an exhaust pressure Pexh, and a degree of EGR valve-opening is read. In 
this case, although the EGR valve-lift sensor which carries out direct detection of the amount Lifts of EGR **** lifts 
may be formed as a degree detection means of EGR valve-opening, in the system which will drive an EGR valve with 
the actuator with which it is decided that the actual amoxmt of lifts will be a reason if desired value is given like a step 
motor, the amoxmt Mlift of EGR valve target lifts mentioned later can be used as an amount Lifts of EGR **** lifts. 
[0055] In S2, the EGR valve flow passage area Ave is calculated from the amount Lifts of EGR **** lifts with 
reference to a table as shown, for example in drawing 21 . At S3, they are the EGR passage valve area Ave, and an 
intake pressure Pm and an exhaust pressure Pexh. From differential pressure, by the following formula, EGR flow Q e 
is calculated and processing is ended. 

Qe=Avex(Pexh-Pm) 1/2 xKR# — here - KR# - a constant - it is - about - it is a value equal to 2xrho (rho is exhaust 
air density) According to the degree of EGR valve-opening, you may ask for KR# from a table. 
[0056] Drawing 22 is the flow chart of cycle processing of cylinder inhalation new **** (displacement), fixel oil 
consumption, and cylinder inhalation gas temperature. This flow is performed by every predetermined time (for 
example, 10ms). At SI, they are cylinder inhalation new **♦* Qac, fuel oil consumption Qsol, and cylinder inhalation 
gas Tint. It reads. In addition, cylinder inhalation gas-temperature Tint About the operation method, it mentions later. 
[0057] At S2, they are these Qac(s), Qsol, and Tint. Cycle processing is performed. That is, like the following formula, 
delay processing to have lengthened one from the number of cylinders about Qac is performed, and it is the cycle 
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processing value Qexh, i.e., displacement,. It asks and is Qsol. If it attaches, delay processing to have lengthened two 
from the nvimber of cylinders is performed, the cycle processing value QfD is calculated, and it is Tint. If it attaches, 
delay processing to have lengthened one from the number of cylinders is performed, the cycle processing value TnO is 
calculated, and processing is ended 

[0058] Qexh =QacxZ-(CYLN#-l) QfD=Qsol xZ-(CYLN#.2) TnO=Tint xZ - (CYLN#-1) Here, CYLN# is a number of 
cylinders. Drawing 23 is fiiel oil consumption Qsol. It is the flow chart of an operation. This flow is performed 
synchronizing with a criteria crank angle signal. 

[0059] In SI, an engine speed Ne and the accelerator opening (control-lever opening) CL are read. In S2, the basic fuel 
oil consumption Mqdrv is calculated from an engine speed Ne and the accelerator opening CL with reference to a map 
as shown, for example in drawing 24 . In S3, from the basic fuel oil consumption Mqdrv, various amendments, such as 
water temperature amendment, are performed and fuel oil consumption Qsoll is calculated. 
[0060] a map as shown, for example in drawing 25 by S4 - referring to -- an engine speed Ne and an intake pressure 
Pm to maximum injection-quantity QsollMAX asking - a limit of the maximum injection quantity — carrying out 
(choosing the smaller one from Qsoll and QsollMAX) - a resuh - final fuel oil consumption Qsol ** - it carries out 
and processing is ended Drawing 26 is the flow chart of the amount Liftt operation of instruction lifts over an EGR 
valve. This flow is equivalent to an EGR valve-control means, and is performed synchronizing with a criteria crank 
angle signal. 

[0061] In SI, an intake pressure Pm, an exhaust pressure Pexh, and the amount Tqe of target EGR(s) are read. About 
the operation method of the amount Tqe of target EGR(s), it mentions later. In S2, the EGR valve demand flow 
passage area Tav is calculated using the formula based on the principle of the hydrodynamics like the following 
formula. 

Tav=Tqe/(Pexh-Pm)l/2 / KR# - here - KR# - a constant -- it is - about -- it is a value equal to 2xrho (rho is exhaust 
air density) According to the degree of EGR valve-opening, you may ask for KR# from a table. 
[0062] In S3, the amount Mlift of target lifts is calculated from the EGR valve demand flow passage area Tav with 
reference to the table showing the relation of the flow passage area and the amount of lifts as shown, for example in 
drawin g 27 . In S4, lead processing for operation delay of a valve is performed in the amount Mlift of target lifts, and 
processing is ended by making the value into the amount Liftt of instruction lifts. 

[0063] Drawing 28 is the flow chart of the amount Tqe operation of target EGR(s). This flow is equivalent to the 
amount operation means of target EGR(s) with the flow of drawing 29 , and is perfomied synchronizing with a criteria 
crank angle signal. In SI, engine-speed Ne, target EGR rate Megr, and cylinder inhalation new **** Qac are read. 
Target EGR rate Megr About the operation method, it mentions later. 

[0064] At S2, it is target EGR rate Megr to cylinder inhalation new **** Qac. By taking advantaging, it is amount 
TqecO=QacxMegr of target inhalation EGR(s). It asks. In S3, lead processing of an inhalation-of-air system capacitive 
component is performed in the amount TqecO of target inhalation EGR(s) like the following formula, and it is Tqec. It 
asks. 

At Tqec =Tqecn-lx(l-KinxKvol)+Tqec xKinxKvolS4, it is the amount Tqec of target inhalation EGR(s). From an 
engine speed Ne and constant KCON#, by the following formula, the amount Tqe of target EGR(s) is calculated and 
processing is ended. 

[0065] Tqe=Tqec xNe/KCON# drawing 29 is target EGR rate Megr. It is the flow chart of an operation. This flow is 
equivalent to the amoxmt operation means of target EGR(s), and the amount amendment means of target EGR(s), and is 
performed synchronizing with a criteria crank angle signal. At SI, they are engine-speed Ne, fuel oil consumption 
Qsol, and cylinder inhalation gas-temperature Tint. It reads. Cylinder inhalation gas-temperature Tint About the 
operation method, it mentions later. 

[0066] At S2, they are an engine speed Ne and fiiel oil consumption Qsol. With reference to a shell and a map as 
shown, for example in drawing 30 , the target EGR rate basic value MegrO is calculated. At S3, it is cylinder inhalation 
gas-temperature Tint. A shell and a table as shown, for example in drawing 31 are referred to, and it is a correction 
factor Hegr. It calculates. At S4, it is a correction factor Hegr to the target EGR rate basic value MegrO. By taking 
advantaging, it is target EGR rate Megr =MegrOxHegr. It asks and processing is ended. This portion is equivalent to 
the amoimt (target EGR rate) amendment means of target EGR(s). 

[0067] Drawing 32 is cylinder inhalation gas-temperature Tint. It is the flow chart of an operation. This flow is 
equivalent to a cylinder inhalation gas-temperature operation means, and is performed synchronizing with a criteria 
crank angle signal. In SI, cylinder inhalation new **** Qac, the amount Qec of cylinder inhalation EGR(s), the degree 
Ta of inhalation new atmospheric temperature, and the EGR-gas temperature Te are read. 
[0068] At S2, it is cylinder inhalation gas-temperature Tint by these to the following formula. It calculates and 
processing is ended. 
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Tint =(QacxTa+QecxTe)/(Qac+Qec) 

Thus, measure inhalation new **** and the degree of inhalation new atmospheric temperature, and predict an intake 
pressure according to the principle of thermodynamics and hydrodynamics, and an exhaust pressure as well as an 
intake pressure is predicted. By the principle of hydrodynamics, from the differential pressxire of an intake pressure and 
an exhaust pressure, and the opening area information over the amount of lifts of an EGR valve It is possible to predict 
correcfly the gas temperature inhaled by the cylinder by considering as the composition which calculates the amount of 
target EGR(s), and predicting the EGR-gas temperature of a EGR-gas cooling-system outiet side according to the 
operational status of the amount of EGR(s), and an engine. 

[0069] Moreover, cylinder inspired-gas temperature can be correctiy predicted by predicting the delay of a sensor, an 
actuator, and a working fluid, and progressing and processing so that this delay may be compensated. Consequentiy, in 
the diesel power plant which applied the EGR-gas cooling system, even if it is transient operation from which a service 
condition changes every moment, the exhaust air reduction effect by EGR-gas cooling is enjoyable. Moreover, since 
cylinder inspired-gas temperature can be predicted with a sufficient precision, it becomes possible to carry out 
amendment control of the amount of EGR(s) according to cylinder inspired-gas temperature, and the desired exhaust 
air reduction effect comes to be acquired. 

[0070] Other examples of the following this invention are explained. Drawin g 33 is drawing showing the composition 
in the 2nd operation gestalt. With this 2nd operation gestalt, it is characterized by arranging the EGR-gas cooling 
system 9 between the radiator 41 of an engine-coolant system, and a thermostat 42, and cooling with the water with 
which the engine cooling water got cold most, and adjusting water temperature by the radiator fan 43 as a water 
temperature adjusting device. 44 is a water pimip. 

[0071] In addition, although not illustrated, it has a water cooling system in the EGR-gas cooling systems 9 separately, 
and you may make it adjust water temperature. In this 2nd operation gestalt, a different point from the 1 st operation 
gestalt is a point that the flow of drawin g 34 is added, on control. E)rawing 34 is the flow chart of the EGR-gas cooling 
water temperature control by the radiator fan. This flow is performed synchronizing with a criteria crank angle signal. 
[0072] As shown to the cylinder inspired-gas temperature Tint and drawing 35 in SI, they are an engine speed Ne and 
fuel oil consumption (load) QsoL The target cylinder inspired-gas temperature Mtint set up is read. At S2, it is the 
cylinder inspired-gas temperature Tint. Difference dTint =Tint-Mtint with the target cylinder inspired-gas temperature 
Mtint is calculated. 

[0073] At S3, it is a temperature gradient dTint. With reference to a table as shown in a shell and drawing 36 , a 
radiator fan operation number of stages (Off, Low, Mid, and Hi) is set up, the corresponding radiator fan control 
command is outputted, and processing is ended. That is, by controlling a radiator fan*s operation and controlling a 
EGR-gas circulating water temperature, the amount of heat exchanges is controlled by this 2nd example, and cylinder 
inspired-gas temperature is controlled by it. 

[0074] Drawing 37 is drawing showing the composition in the 3rd operation gestalt of this invention, in this 3rd 
example, the amount of water which arranges the EGR-gas cooling system 9 between the water pump 44 of thermostat 
42 lower stream of a river and the inlet side of an engine 1, and cools with the water maintained at constant 
temperature, and passes the EGR-gas cooling system 9 is adjusted - as ~ amoimt of water - the amount of water as an 
adjusting device - it is characterized by forming a regulator valve 45 and adjiisting amount of water amoimt of water — 
as a regulator valve 45, a proportionality solenoid type solenoid valve and the control valve driven by the step motor 
etc. are used 

[0075] In addition, although not illustrated, it has a water cooling system in the EGR-gas cooling systems 9 separately, 
and you may make it adjust amount of water. In this 3rd operation gestalt, a different point from the 1st operation 
gestalt is a point that replace with the flow of drawing 1 1 and the point (point replace with the table of drawin g 13 
strictiy and using the map of drawing 40 ) using the flow of drawing 38 and the flow of drawing 41 are added, on 
control. 

[0076] Drawing 38 is the flow chart of a EGR-gas temperature Te operation routine. This flow is equivalent to a EGR- 
gas temperature operation means including a EGR-gas cooling efficiency setting means, and is performed 
synchronizing with a criteria crank angle signal. EGR-gas circulating water temperature TwgO detected in SI by the 
basic thermal transmittance kappa 0 in the heating surface of the EGR-gas cooling system equivalent to the efficiency 
of an exhaust-gas temperature Texh and a EGR-gas cooling system and correction-factor kappah, the amoxmt Qe of 
EGR(s), and the EGR-gas cooling coolant temperature sensor It reads. 

[0077] in addition, the basic thermal transmittance kappa 0 is shown in drawing 39 - as - an engine speed Ne and fuel 
oil consumption (load) Qsol from — map reference is carried out in approximation and the correction-factor kappah is 
shown in drawing 40 - as - the amount Qe of EGR(s), and amoxmt of water - map reference is carried out from 
regulator- valve opening In S2, an operation as shown in the following formula performs delay processing of a thermal 
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transmittance kappa. 

kappa==kappa n-1 x(l-TcK)+kappaOxTcK - here, TcK is a constant Moreover, n-1 of a subscript It is a value in front 
of 1 cycle. 

[0078] In S3, an operation as shown in the following formula performs lead processing of the EGR-gas circulating 
water temperature Twg. 

Twg=GKTwxTw-TwgOn-l - here, GKTw is a constant Moreover, n-1 of a subscript It is a value in front of 1 cycle. 
[0079] In S4, by the following formula, the EGR-gas temperature Te of a EGR-gas cooling-system outlet side is 
calculated, and processing is ended. 
Te=Texh - Tw^ckappaxA/(kappaxkappa hxA / 2-QexCp) 

Here, A and Cp are constants, drawing 41 — amoxint of water -- it is the flow chart of the EGR-gas circulating water 
flow control by the regulator valve This flow is performed synchronizing with a criteria crank angle signal. 
[0080] As shown to the cylinder inspired-gas temperature Tint and drawing 42 in SI, they are an engine speed Ne and 
fuel oil consumption (load) Qsol. The target cylinder inspired-gas temperature Mtint set up is read. At S2, it is the 
cylinder inspired-gas temperature Tint. Difference dTint =Tint-Mtint with the target cylinder inspired-gas temperature 
Mtint is calculated. 

[0081] S3 ~ temperature gradient dTint from - a table as shown in drawing 43 - referring to - amoxmt of water -- 
regulator- valve opening - setting up - amount of water - a control conmiand is outputted to the actuator for a 
regulator- valve drive, and processing is ended namely, - this 3rd operation gestalt ~ amount of water - by controlling 
the opening of a regulator valve and controlling a EGR-gas circulating water flow, the amount of heat exchanges is 
controlled and cylinder inspired-gas temperature is controlled 

[0082] the [ thus, / the 2nd operation gestalt or ] - since cylinder inspired-gas temperature stops being able to change 
at the time of transient operation easily by controlling the capacity of a EGR-gas cooling system according to the 
predicted cylinder inspired-gas temperature according to 3 operation gestalten (it shifts especially to an elevated- 
temperature side), the exhaust air reduction effect by EGR-gas cooling is enjoyable to the maximum extent 
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damages caused by tbe use of this translation. 
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^^i^ Vilte^m^lS-^V @ S E G Rfi$rlS!^i-^ g 
^EGRS^^^i^<h. 

E G R#(0 a ^MfiE^S:^ UT E G R^^SItB-f-^ E G 
E G R :^ ^ ^EGR:^:^ <i: . 

E G R^(om^^^m^^ E GR^mmmm^WL t . 

^R^^mti t mm^^j^t) t (Dm± tEG Ri^comm t ib^ 
hEGRm^mm-t^RGRmmm^^t. 
EGRm:Kmth^m^mi.x->v v^(raegrs^?ii 
m-r^i^v >:^pi^AEGR4^^^^^. 

E G R E G R:^^^^a3^ 

mnmi^ t e g r ^?&aiagao^^ t tcs-5v ^x e g 
R:^:^;f^mmsmum(DEGR:^^um^s^n't^ e g 

R;tf;^?USia@^^^. 30 

y >- y ® ASf ^4 ^ ® ASf^iajff ti^])>^ e g 

R * ^ E G R ?^ ® lii P {RiJ E G R :^ ^ i ( c 

[ff^3l2l mjtBEGR;^/><.?^Sp^gti, :i^>v^>'/^ii3 
;!Kt-J: 19 EGR:3j;>^^?&a-rst><7>r*foi9. roEGR 

:^?&iP7kiai^aB#^^^ttT. HuiEEGR:3J/;^?aSSi^ 40 

s^^ias^EGR:>i/^?frajsie^iiis-r^?&a 

7k^i.S <t E G R :^:^i^&mWi(7)^m t tcS<5v ^T E G R 

;^;^?&iflSlgai P^ayco E GR:^:^m.^^^U't^m^ t 
^•(Ov^y Vi5^®A:^/;^taa[®ai3^eo 
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H;0^1o{c|SSO7^^— ^/uzo-ix^-ovy >'^KA:5^/ 

[ft*:® 5] Hril5@iASr^MlS«ltb^St;::J:l9«miSti 
5 Pi^ASf^^i-S^Si^^lE;^; m J: D MiEi-^ @i A^^ig. 

4(OV^i'ti.;5^loj;ifBtgO'r-f---^/w^Vv^v<D->y 

^Pi^A;^:^MS^m^go 

[ft*:® 6] t»*:Jll'-|»*:a5(7)V^-r;h.;^)^lo^c|S«t 
:^>^^^\CJt^ZX. @^EGR*^ffljE-f 5SSEGR 

xDEGRmwrnwio 

[iS*^7l '>y v^®A:«f:^igJ[tciSCT. :^>^z^>^ 
«9 EGR:tf:y^^}^m'i'^EGRify^ninmW: 

t -r^m^m e fHS<7)-r >f — v<7) e g r»j 

Ilt*:58] v-y >^KA:^xiaS{c/SCT. ^^v-v^v 
?&iP7Kt-J: EGR:^f;:^^?^ifl-t-5EGR:!5f>^?&aiilS 

t-r^m^m e mm,(Dy^-c —^/u:^i^^j^xo e g rmm 

[0 0 0 1 1 

immcDm-r^^mm^m] ^mmi-^. egr m^m 
m if:^}^mmmH^<DEGRmm^m^^y'^-'^/^^ 

xf. ^th^mi^^tiEGRmmmmi^m't^o 

[0 0 0 21 

tcEGR^^^^ttSi:. ^^*«::i!t#t^tT.yhJ^3|sf;6SlrA-f- 

rticulate Matter t^-t ^) ^<t!l<^S^M^S:5> (HO, C 

o) ^mit'r^m\^\c$):5o 

[0 0 0 3] ^:iX\ r<7) Mx- K^:7c7)^#^^S'r 
^J;tf^. #M^8-8 6 2 5 1-^tcii, PtM^tt/c 



(3) 
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[0 0 0 4] ^tz. KGR:^:^(DUm^T^f^t. "iiA 

mmcmhMCtj:oX:iS^ . 4#BI^8-2 6 1 0 7 2-§- 
t;i^ ^ tvS J: 9 v?:xi«&a7K^ffl V E G R ;^ ^ 

[0 0 0 5] 

[0 0 0 6] mmo:>Mm<om^^ ^^^i^^mmmL^'^^ 
\:i^oxii^nii^mitmwL\.. ^oKm^mm^^o 

fz^^ EGR:^:^/^m^W:X<DBGR:ff>^;f^mmtit^=r, 

i^i^xomm^mic^^yxi^^ < mt-r^ ^ t Kt^:^^ 

6 1 0 7 2-^tC|E^cOEGR;^/v^?^iililB 

^fz.fzim^^mz.mm \.fz.tL\^x\±^ mnm^x^^hti 

S E G R ftiPigg<7)g^^{g:«^m:dS^^ ^ tL?i V \ 
[0 0 0 7] *fc. lH]^Ai^[-ct^?^ai;^^^i-^Sm 
MS<^^^l^t:i>PfLT. EGR;^>^;^aiSIMmn{|iJ(7)EG 

^S^^^i-o «?iJ;t(^EGR#<D|^ftf:— 

^^hiC^LTSV^iS^T'EGR^jO^^lbi-'So -^^T'. 30 
fi^Jxrf#i8¥6 - 1 0 8 9 2 5-§-(DJ: 9«-EGR;?Jf>^?& 
*Pi^g(Om P E G R::^x?^S^2liJ^i-5 J: 9 tc-fe >'1^ 
^ii:!jPU. EGR:tf^^ag[tC/CCTEGRa^«iEi-6 

[0 0 0 8] L;6^L. ^^O^a^^iiJ^-r^m-a^. tB^^ 
«^^-^-T-feO. »iM<^EGR:^;^iafE$r3BSJ:<arj 

[0 0 0 9] m:^. m^i^^m^S- 2 6 3 7 1 7 

[0 0 10] ^/c. RGR:^><^l^mmm:(0^^fj:m^^ 50 
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^^^-r^m^. mmm^x^:^tix\^^^^m.mM^m 

(0'EGRm(oi^mnm^^^^x^^ . ^^m.mi>sEm 

[0011] roj: 5*t**oBaJS^J;i«@ 

\^xfi:^f\.fzh<ox. 'EGRiSy^}^nmm.^Mm\.fz.y' 

5 J: 5 fe o T t> E G R ;3tf ?&*P J: 5 SNm 

m^^Wz^^^'r^^tt^x^^^o\-^ v'y>'y®A 

[0 0 12] -^tz. ^(Dzy]) i^ymx:^^^Kmnmmm: 
^m\^\ i^v :^ymA:^:^m.m^ft^cx^ egr^mie 

x^^y"^ -if ^ V? E G RummSi^m^'r^ 

[0 0 13] 

®Aff^iaS^«lttli-^KAffmaK«ltti^^^. Si^ 
[0 0 1 41 ^fc. »^^;0-bSNM:j?f;^o-95^K^;^ 

--^lffi-r^EGRilK,t. EGRjllf§(Dit*tC^tt^tL 
ycEGR#<^. ^>'>?^Mte^#^;lS-5V^TiSEGR 
fi^^^i-^g^EGRS^S^^^. e5^;^JEE;t»^S^ 
m^/E;':! ^ (7)MJ3E ^ @^EGR4<!r;0^^EGR#(Z)g;S 

m&^m:^ b r e g r ^^mm^ s e g r ^mm^^ t 

^m:^. Ht^> ZGR:^:^^;f^&'r^KGR:^^'/^&m 

[0 0 15] rr{C^oV^T. HtllE^Affm*1^m^^(^ 
J:«9^m$iX'5efiAfr^Si;i®4x^ll^igbTi/y 
KASfm»^SSL^Svy :^i5^®A«fMa:?aSC^^t. 

EGR^cor?IS^1^tHi-6EGR#F^S1tm^^^. ^ 

^miE;'j t m^T^&t) t (om& ^ E G Ri^<Dmm. tt>h 

RGR&^mU-t^RGR&mU^mt. EGRfi{;ijl 

ti^m^Mi^x^yv >^55AEGR*^SSi:-r^>^y > 

y^RAKGRmmn^mt. k gr :^:^?^mmm:(o^m 
^^&'r^E.GR:^:^'^mmm:^0}m^m^^t. mnm. 

S ^ E G R :^:^}f^mmWi(0^m t (cS-^v ^T EGR:^:^ 
^&mW:WiOm(D E GR:^:^um^^W-f'^ E G R 

> V >y^AE. G Rft ^ E G R :^>^i^mmmitii^m(OK 

G R if ;^ ?ag ^ {cS-:5 V NT y > A:^:^ ^ 

i-^vy >:^p^A;^^ia^ism^^^^^ttT. vy> 



5 

[0 0 16] m:^m2{cm^^mx*i'^. HtriEEGR:^;^ 

&(D^m t icS-:5v ^-C E G R ;^><.?^iPig® tti P Mco E G 

[0 0 171 iS*«3tc«^«§q-e{i. ttrlEfK^^EE;^? 

So 

[0 0 181 m^m5i,c^.^^mx-{t. mmm^Am^iM. 

:5y';^m-St-lSCT. g^EGRft^ffiiE-rSg^EGR 
ftffilE^^^^ttr. 7=^^— ^/W^>'v^:/OEGR»Ji» 

[0 0 1 91 tt*::«7tc>^S^5gT*Ji. vyv^J^KA:^^ 

S E G R ^ ?&aJi^Mco/^a]7Kig.S ^PSi- -5 tKM 

TklCcfc EGR;^><.$:?^ai-r'5EGR;^/;^/fti|li^a<7)?ft 

So 

[0 0 2 01 

©I ASf ^4 1 m^xmrnm. ti^v:y y^x e g r * e 

GR:^^i^mmB:mam<DKGR:^^umt^'tn^*tt 

r e G R %:mmcmiEmm'r^ r 1 755 pjtgjc/jrs ^ v > 5 
10021] n^m2\c^^mm{cxti\t. egr:^:^ 

}^mm&:/^^=^>'^J>'l!^myi^\z^ 9 EGR:«r>^$r?&aii-S 
m-a^tc. ^<7)EGR;^^?ft*Pi^g$:iligi-S?^a7K^^ 
^^l±SL. Ctt^^lt LT. EGR;5{f^?ftiil3g^ga3PftiJ 
(OEGR:ff:^mm^t^m'^:^t{zX^. i^V>y&A 
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t ^;t5^i:;65pIflg<i:/^So 

[0 0 2 21 l»*^4(;i«S^5gtCj;ixl^. ai>'v?>ii 

So 

10 [0 0 2 31 m^m6Km^mm\cxtiit. Jiis<^v-y 

Vi$^KA:^;^mS»tH^S^ffiv\ v^y :^^®A:3t/:^m 
S{:iJj;cr. S^EGRS^ffljEi-S^ttdcJ: t). 
E G R :^>^?&iP(^iltttc J: sS^^<^»fc:^*/M5BJc«j 

mm-r^^ticx^. BGR:^::^'/^mmm:(Dmti^um 

UT. iajS3iite^^-i3V^Tt>EGR:;^f>^^ft^PtcJ:SS^^ 

i&m^m:^mi^m\^^^x^ So 

20 [0 0 2 41 |f5jt3S8tC«S^PJlCj:tt«. v^y^-^K 
A:^:5^mS{ciSi:T. EGR;^;^?&a}3?gg<?)?&4P7K*=Sr 
I^Si-Sr ^icj: EGR;5?/;^?^*P3s^®(^tM;^^^Ji^ 
UT. il^S^lte^{c:}oV^T^>EGR>t/;^?&^p(cJ:s#^ 

[0 0 2 5] 

iNin-efoSo 7^^— if/^:3^^^>^vl^ciav^■c. 

S^S'JtHi^^Jfttt^>:/2{;iJ;J9. ^^pS#tyX/u3^ 
30 ^bT. ^^^4rttcii:jgt«st^#^^ttSo 

[0 0 2 61 tR^^tcfi. S^M^ J: t)SN^:3?f^(0-gp;65 

EGR3^g{c:J: i9^A^nSo KGRmmn. EGRil 
SS5. EGR4$r*Ji9-rSEGR#6, ^T^=il/^i5^7 
(EGR;«f;^«AteB) ±SK<D8im«5t)#8^^A.T'« 
fife^nSo EGR3lgS5{Cfi, ^>v?>-?&iP7kf-J: "9 E 
G R ^i^ai-S E G R;^f J^/^aJi^B 9 T^i^B^f htlX 
v^So 

[0 0 2 71 ^Tt. ^u^^ 7Tm\^:^X?—;vmm^l 

Otm^-fhflX^^X. rnt^ct ^9^^^4F^^C^!7~/^ 
:7n-;^-^, 1 5fiP^Aff^^^^<tti3i-S^Atf^ 
iaSSItti^^t LroK^ia-fe:/i^, 1 6 {i3i:xv^v?& 
^P7K^aS<^1^[15i-S7k^a-feVi^. 1 7*iEGR;^;^?^ai 

mm: 9 ^iii§t-s?&a7Kias^itai-r s e GR:^:^^m 

Tkt^^m^^t LTOEGR;!tf><:?frai7kta-feVi^T-fe 

So 

50 [002 8] m^mmmnm^^ ^^2 ^t;^^jpf*s+ y 
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^tm:i:^i^y^^^mm^^^^>y^2 3 1. 

:^:^j^2 4\z.x^'iimmm^^K.htix. ^i^zfm2 3 
(omn^^AAi.. *njE5>ia-rs>^7>>^-r 2 5 i:. 

^•^2 3 b-r w tc J: o rtfttt^t? »9 ^^'^^^ ^ 
hn— y — :/2 7 i:. hn— /u;^]; — :/2 7 

[0 0 2 9] */c. m'=Fmmmnm^:^:y:^2i-±. mm- 

y</uy3 1 ^#x.6o 
[0 0 3 0] MtC. UT. :3Q^/i^>-ioI^^ 

x^i^>^:7'IIIteSc^^*tt^•r5IHIte^•fe>'•i^3 2. 3 3 

5t. yi^>-::f^2 3\h(Dmt^^^^m'r^mM-^:y^3 
7. :^>^iy:^^-::^-(iyT3 Sf£t*:^miifhti. Zthh 
Ofi#;$5=i V ho— /u^jn-/ h 3 9t;iA;^^ttTV^^o 
[0 0 3 1 ] ^fc. 1 tf'{c^L;^c^r — — ^ 1 

iPTKtUir V-ih 1 7 (Dim^h v h d — /u^x - -/ h 3 9 t«l 
[0 0 3 2] =1 V ho— h 3 9Ji, ^}^(D-^^ 

[0 0 3 3] EGR#6ti. E G 5 ^\Z^if h 

ti. ^'r^y':^^-^{c^y)mm^tiX. EGRS^PS 
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-r^o i^. :ioi:5*^7"5^:/^-:^Klb^EGR#6 
<oiSL. :ftEEmiib^EGR#/c^«!r*^fflv^Tt><tv\ ^^gi 

o<Dm»#4l, 4 2 0;^-V:3i-:7SJiaiT-aiffi$tL'5Sfliai 
[0 0 3 4] StJ^S!^^^Sr:7D-^^-^Srfflv^T 

\z.mm\^xmn^ti^o ^jBSiSLtcftx.T. Km^£E;^j 

[00 3 5] SI T*{*. V^J^KASf^fiQac. 
vyPj^AEGRfiQec. P^ASf^M^T a . EGR:;Sf;^ 

20 [00 3 6] Pm= ( (QacX T a + QecX T e ) XR 
XKpm) / (KinXKvol ) +Opm 

rrT% Rft^fr^^. Kvoi \^mmit (=iv/y>'>?^ 

c /^AnmmmVm) . Kpm, OpmJi^^r*^ 

So ^7fiSNm^m;^; (KGK:^:^wmuK:h ; )^Tm 
^JE<hv^9) Pexh :7a— hx^fcSo *:7 

30 [0 0 3 7] siT^ti. -yvi^^^^^mm^ti^mnm 

Qexh . #^?l.STexh . ^^^t^^^^lHlte^N e ^^5^ 

pexh ^s^b. mm^mT-r^o 

Pexh = (Qexh XNe/Kcon ) XTexh XKpexh 
H-Opexh 

rce. Kcon , Kpexh. Opexhfi^^T'fc'So 
[00 38] HI 8 fiV y >'yKAtf^SQacSSt<^ D 

So Sir*(l. Z3ir>^n — (AFM) (7)Ui;^mjE 

ofcfitQasO ^^isb^o 
[0 0 3 9] S4Xa. =^>i^l^\B\mWcNe^m^^. 
SST'fi. QasO . N eRXJ^'m^KCONU^^h. 
1 v-y >>$^^yc:«9coeSAff^iQacO 

So 

QacO = QasO /NeXKCON# 
50 S6-Cl:i. QasO <OnInJgt^:»'<7)agiX^S^tfV\ =J U 
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[0 0 4 0] sT-cji. saitKvoi ti^m^^mm^m 

So 

Qac=Qacn-l X (l-Kvol XKin) +Qacn X Kvo 
1 XKin 

[glSliv-y >'i^®AEGR4Qecg|^(7):7n— h 

[0 0 4 11 SI. S2-efi. EGRAQe. :3L.y^J^> 
[Hlte^N e EGRfiQ e(D?gm:^^^COV^T 

Jl^xE-rSc S3T-J^. EGR»Qe. :^ Vv^^-InltelS: 

^:fc«9(DKAEGRSQecn ^^i^5o 
Qecn =Qe/NeXKCON# 

S4-eti. ^ffiitKvol ^^^:a^^ti^^lKin<^^^V^ 
Qecn f}^^^^\:i^'t X 0 ti:mti^M^ff^Xi^]) 
V^P^AEGRftQec^^jft^e). ^H^r^^Tt-^o 

[0 0 4 2] Qec = Qecn-l X (l-Kvol XKin) + 
Qecn XKvol XKin 

mi omRxmm^T a^%(Dyu-^^- hx^ 

MJE^^tdftSL. ^^^^1 («?iJx.J^ 1 0ms) m\cm 

[0 0 4 3] S2, SST'fi. XJc^<or^<. ^;^Ji^c7) 

/E;^«iE«mKtmpi= (Pmn-1 /PA#) 
KAffSMiST a =TaOXKtinpi + TOF F# 
^:iT% PA#. TOFF#(i^^r'fcSo mU. TO 
F F # fi7k^M^*5S^{;i J: ffliE LT t» cfc v ^. 

[0 0 4 4] mi n^EGR:^y^^nmmm^m (=^1- 

^^AP) (OEGR;^><.MST eS^(Z):7n— h 

m^\z,mm\.xm:n-^fh^o s\x\^. mnM&Texh 

#.ISKh. EGRfiQe. E GR;!t/>^?ft*P7kia-fe 

J: «9^ttii^n5EGR::^^/ftai7k^^TwgO ^BciZ^tfo 

[0 04 5] i^. m^mmmm ko\%^ mi 2 ic^-r j: 

3i:^v?>iHie®:Ne (Ai^) Qsol 

1 atc^i-i: 9{c. EGR4Qe;5^e>x— 

So S^^^aSTexh ^TJ^EGRftQ e <Dill[S^:fe■?fe^c:oV^ 

[0 0 4 6] 
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ic = icn-l X (1-TcK) +kOXTcK 

rCT% T c K{i^^-C*>5o ^/c. m^(Dn-l 1 

fcj:!9. EGR;«f>^?ftai7KiaSTwgC05i;^^^5!i3l^fT5o 
Twg=GKTwXTw - T wgOn-1 

::wT% GKTwfi^^T*feSo ^On-1 Hi 

[0 0 4 7] S4-C^i. EGR;^/^?&aig 
gtfiPfiOOEGR:;5f^?a«Te^SISLb. mM^mrT^ 

10 5o 

T e =Texh -TwgX k X A/ (k X k h X A/2 - Q 

e X C p) 

^rT\ A. Cpli^SX'feSo CcOTeCOSSL^ 
fi. mi 4JC^"ria3^1^^7'/l-^St;iT^^/cT. ^ 

[0048] GaXCpX (Tgin -Tgout) = k X A 
X ( (Tgin -Tgout) /2-Tw) 

mmxnm\it^A-^\^^t\.x'&wtir^) . At^e^® 
20 mmx^ho mi 5^i:^*:a^*taa^itKin^s^<o:7c2- 
^-r-^r-fe5o ^y^-{tmm^'7i^^nm^\zimm 

[0 04 9] SI X\iX^ V l^^^Am^MQac. 
«Mfl:Qsol , ^r.i^i^l^mmWcNe^mjLU. S2X 
v-y >->5^P^ASfmSQac^iii>v^>(Hlte^Ne ^;6^ 

m^i^mi e\c9jkirxo^j:'^^y^^^mi^x. i^m 

sol t:^l^i^>\s\mmiNe tib^^^ 0iJXL«m 1 7 

X b /^-^ :y LT. fls:Sia^:&^?f«jE#^KinH2 

30 ^?gSi-S. 

[0050] S 4 X\'t^ «c5a^^£:*:ffl[KinHl ^ 
iE^.^KinH2<i:;0^^. '^a^^tS^{BKin= KinHl X K 
inH2^iliSLL. iJ5Qi3®^JiJ^Ti-'5o m 1 8 fiSN^i^^Tex 

^ffi V ^ -5 C ^ t> ^^r*fo o 

[0051] SI, S2, S3 XYt^ mWkl^^(r>^^ 

40 ffiTnO, #^JEPexh ^mi2-t^o QfO, TnO<7)Si^^& 

[0 0 5 2] S5T**i. i^]) >i^^^A:^:^Um(D'^^ 1^ 
/w^SfiSTnO;!)^^. &S;{cJ:*9. S^S?a!S{:i^t-r'5®^ 
tagffiiE^>^Ktexhl ^Sl^-rSo 
Ktexhl = (TnO/TA#) 

c::t% ta#, KN#ii^^-efcSo S6r-*i. 

EEPexh Ti-b. }k^(D::::t^m.tj^(Dmwncm<^<^^ 

50 fflV^T. S^M^gL^tC^-rS^^mM^^^ (S^MJE±# 



(7) 

11 

\cx^u&±^jEmm Ktexh2 ^miR-r^o 

[0 0 5 3] 

Ktexh2 = {Pexhn-1/PA#) 

PA#. #Kell^^-Cfe6o S7-r«. 

ffiiE^^Ktexh2 mn.U^Texh =TexhbXK 

texhl XKtexh2 SriSSE ^S^ift^Ti-^. 
[0 0 5 4] 1112 OtiEGRiQ eStgCCD^'D— — 

JEPm. SfmjaEPexh . E GR#BgS t bT(Z)E GR# 
:7 h ft Lifts ^^^iZ^tfo CK;)^^. EGR#^>^^t 

m^^tl^X. EGR#my :7 hSLifts^Sriil^JltdiSi- 
SEGR^y :7 h-fe:>'1^^S^tT^>J:u^;&^ EGR#^ 

(i. EGR#||y >^ hSLifts^UT. ^g^-r-SEGR 
[0 0 5 5] S2r*li. EGR#||y :7 hSLifts;^^ 

0iJx.(^IEl2 1 5^c^7=— ://u^#fiSbT. E 20 

GR#«£KffifflAve$rgiS[-t-5o S3T*f^. EGRgSK 

#ffifflAve^. K^ffiPm^g^^ffiPexh t<Dmi^t^^ 
6. EGRjfEftQe ^SISL. ^S^«i^T 

Qe=AveX (Pexh - P m) XKR# 

ipm¥H^&) o KR#^EGR#r?iS{CiSCr7^- 

[ 0 0 5 6 ] m 2 2 y ^-:^^Aff^* m^A) . 

ms) st^m^T^nSo sir-ti. i/yv^p^A^^fi 

Qac. ^3|S|-PtltftQsol . v-y ^i5^P^A;^^Tint 
iZit^o fS5> v-y >^i5^KA:^^?a^Tint (OiSStirfetco 

[0 0 5 7] S2r-(i, :inbcDQac. Qsol , Tint 

^ /ujiiim^m-ro -rt^t>^. »c^or^<. Qac 

^jv^mm. i-?t^^^gm*Qexh Q 
sol {COV^T^ii/y Vi$^^;6^b2^|V>fc5>COim^m^ 40 
froT. -y-^r ^J^v'^^aiHitQfOiSr^J?). Tint JdoV^TIi 

s/y 1 ?lv^:rc5>cD3gtt^^^^Tor. -y-^fr^^ 

/W^SfiSTnO^^i^), ^S^j^T-rSo 

[0 0 5 8] Qexh = QacX Z" 
QfO=Qsol XZ~'^^"^**-^^ 
TnO=Tint x Z 

CYLN#(iv^y >>5^^r'fc'5o la 2 S |:ij^3isf 
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Tjk'tXbti^'r—y/i-^^mi.X, '7-J:^^—-7r>i¥W} 

m.W (Off, Low. Mid, Hi ) ^^^L. ^jSb/c^ 

w^^mmx^x. EGR'^:^if^m:ii^mM^mm^^^t\z. 
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30 [0 0 7 5] i^. (11:^L/^V^;65. E G R ftiP^g 9 

T^ctvv ::o^3||^S?F^^JI:ioV^T. 

mMmtmfj:^.^.\^^ mi i<Dy\=L—\u\x.xm?>s(o 
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1 5 Pi^^^a-fe^^ih 

1 7 EGR;«f;^?&a7Kiair>-y- 

3 2 lElSIS-fe:/i^ 

3 4 TiJ'-feyUggJg-feV-l^ 

50 3 9 =1 > }x D — - \^ 



(10) 



11-166452 



17 



18 



4 1 9v?3^^ — 
4 2 ^^— ^X^5/h 
4 3 yi?:^^ — -7r^^ 



4 4 
4 5 



(mil 



[mi 2] 



StiEQRl 



S43EGRS 



EG R#BggE 



EGR# 



EGRS 



QRAEGRS 



EGR**;^. 



IRA 



EGR**X 



T 



I 
1 




11 7] 



I 
I 




[m 1 9] 



I 



Qf • 




(11) 



^mW-l 1-166452 



[112] 



ims] 




141 





51 



S2 



17] 



[mi 0] 



28.29131 » 



me] 



12 11 



I 



3 .1 



OacOBC,TB,Ta,Kin 



I 



End 



[1112 01 



SI 



S2 



QexK, Tftxh.NB 



I 



~T~ 



End 



51 



52 



S3 



I 



Ktmpi=:(Pm^,/PA#) 



I 



Ta= 

TaOxKtmpi-fTOFFff 



I 



End 



51 



S2 



S3 



Qa =Avq 

P«xh-PmXKRI» 



C 



End 



[1^8] 



(13) 

m9] 



#§i¥l 1 

[1^1 5] 



-16 6 4 5 2 



SI 



S2 



S3 



S4 



S5 



S6 



S7 



I 



AFMaj;fDK52i 



(QasO) 



I 



ttia<Ne) 



QocD-QasO/Ne 
X KCONIP 



I 



KvolxKin) 
+Qacn X Ks/oI x Kin 



I 



End 



12 4] 




12 51 



51 



S2 



S3 



s4 



SI 



52 



I 



OecnsQe/Na x 
KCON» 



I 



Oec=QeCn-| 

xd-KvolxKin) 
4-QecnxKvelxKin 



I 



End 



12 21 



Qac.Qsol,Tint 



I 



Qexh= 

Q«5l-2-^CYLNi-2) 
TnO= 

Ti»t-2-<CYLNtf-l) 



c 



I 



End 



St 



S2 



S3 



S4 



SI 



S2 



S3 



S4 



mm 



Oao,NeJ:ijKinl)l|jE 



I 



Kin=KinH1 x KinH2 



T 



End 



[1112 31 



I QM^mn J 

I 



Na.CLljfci^ 



I 



n 



I 



iE(Qsol|ti£) 



I 



(Qtol) 



End 



(14) 



^mW- 11-166452 



11 u 



II 8] 



[@2 7] 



SI 



S2 



S3 



S4 



SI 



82 



S3 



S4 



EGR itOe 



I 



ic = ic„., x(]-TcK)+kOxTgK 



I 



T«nIi-Tw8«(#c ■A)/< if • Kh-A/2--Qe-Cp) 



Te= 



I 



End 



SI 



S2 



S3 



S4 



S5 



56 



S7 



12 6] 



[US 0] 

. .Jt 



Ta v=Tqft / 
^ Pexh-Pm/KR* 



I 



QfDi:ijT«)(Nbli 



I 



SI 



I 



Texb-T«xhbK 
Ktexhl X Kt«xh2 



I 



S3 



S4 



End 



[ma 1] 



m2 9] 



BfllEGR^ ^ 




r 


Ne,Qsol,Tinttt3& 




r 


IfogrOlRll 




r 


Tint J: 9 




F 


HesrXMdgrO 




F 


END 







[1113 21 



13 51 



13 61 



I 



End 



Low 
^5 Off 



SI 



S2 



I 



QaG.Qec.Tn,Te 



I 



r 



Tint *» 



End 



(15) 



#BB¥ 11-166452 



m2S] 



13 3] 



13 9] 



SI 



S2 



S3 



S4 



SI 



S2 



S3 



( mm EGRM ^ 
1 Tq«;TtIX j 



Ne.Metr. Qac|fti& 



I 



Tc|aeO=Oae x Megr 

~~r- 



Tqc=Tqec x 
No/KCONtf 



I 



End 



134] 



mm 



I 



drinl=Tinl~MTinl 



I 



I 



End 




13 7] 



14 3] 



1 




14 0] 




[1^4 2] 



1 


ft 

MTInl 










1 rvm 




(16) 



^mW- 11-166452 



[1^3 8] 



im4 1] 



SI 



S2 



S3 



54 



/ \ 

EGRSftToSIJJ 



EGH;l^il|J7Kia(STwsOU(i& 



I 



H(1-TcK)+icOxTcK 



I 



Twg^GKTw K Tw-TwgO^i 



I 



raih-Twc*(ir •A)/( h • Kh-A/2-Q»*Cp) 



I 



End 



SI 



S2 



S3 



I 



I 



cJTint=Tinl-MTInl 



I 



End 



144] 



Blift 



(17) 



^m^l 1-166452 



(51) Int. CI. ^ mm^^ FI 

F 0 2 D 45/00 3 1 2 F 0 2 D 45/00 3 1 2 R 

3 6 0 3 6 0 C 

3 6 OD 
3 6 0 F 



